Monte Conca Cave is a karst system placed in Messinian evaporites, consisting of an active cave and a resurgence located on the massif of Monte Conca, Campofranco within the "Riserva Naturale Integrale di Monte Conca". A sulfidic spring is located in the terminal gallery of the cave. To characterize the physical and chemical parameters of the Monte Conca Cave and of the sulfidic spring, air temperature, relative humidity, water pH, and concentrations of dissolved sulfides, nitrates and sulfates were monitored. The high sulfide consumption rate in the sulfidic spring, evaluated by a kinetic study, suggests that biotic consumption is dominant. Moreover, snottites and filamentous floating mats, rich in sulfur and nitrate suggest a microbial activity related to the sulfur cycle. Iron content was also evaluated in water and snottites, given its involvement in microbial activity. The microbial mats could be the source of an autotrophic system in close correlation with the biological cycle of many species of living organisms found near the spring. Some of them show typical troglobitic characteristics, while the presence and abundance of others depends on the water amount. The greater abundance of taxa found close to the sulfidic spring suggests a complex food web associated with it. The monitoring lasted a year and half has highlighted the difference between chemical-physical parameters of the cave and the sulfidic spring, emphasizing its typical microenvironment. Messina M., Grech T., Fiorenza F., Marletta A., Valenti P. and Petralia S., 2015. Sulfidic spring in the gypsum karst system of Monte Conca (Italy): chemistry and microbiological evidences.
INTRODUCTION
The explorations and the scientific investigations of sulfide-rich caves have advanced the knowledge on the development of karst systems. Multi-disciplinary teams have recognized the importance of hydrogen-sulfide on the geochemistry and microbiology of these systems. Principi (1931) first proposed sulfuric acid-driven speleogenesis and suggested that some caves were created by the interaction of sulfidic waters with limestone. Galdenzi & Maruoka (2003) reported that many limestone caves contain small gypsum deposits formed by evaporation of sulfate-rich water on cave fills or walls. Moreover, they described the morphologic effects of the oxidation of H 2 S for the Frasassi Cave, where the limestone walls, exposed to the H 2 S vapors, are highly corroded and partially or completely covered by gypsum crusts. Hose & Pisarowicz (1999) Cueva de Villa Luz as a striking example of sulfur-related speleogenesis and a chemoautotrophic ecosystem. In Movile Cave, Romania (Sarbu et al., 1996) , performed the first complex study of a sulfidic underground ecosystem based on chemosynthesis, and report sulfuric acid speleogenesis, including sulfur stable isotope data.
Other authors described sulfuric acid speleogenesis and presence of microbial mats also in U.S. caves (Angert et al., 1998; Engel et al., 2001; Engel et al., 2003; Engel et al., 2004) . Moreover, Galdenzi et al. (2008) reported an interesting study on the influence of the cave environment and speleogenesis by composition of sulfidic groundwater. By monitoring the chemical parameters of the water, they explained how the seasonal changes in water chemistry interact with the cave speleogenesis. The authors showed that sulfidic groundwater contains both oxidized and reduced sulfur species with significant variation during the year. The drastic increase of the H 2 S concentration in the spring water was also correlated to the activity of sulfate-reducing-bacteria, identified by Macalady et al. (2006) . These bacteria live closely associated with sulfide oxidizing bacteria in the microbial films that cover the water surface. Engel (2000) published a list of known active sulfidic caves, documented sulfur-oxidizing microorganisms, and explored the biodiversity of sulfidic caves and karst ecosystems distributed worldwide and containing sulfidic springs (Engel, 2007) . The same author reported that a wide range of microorganisms live in sulfidic waters and a vast majority of them are sulfur-oxidizing bacteria inhabiting the cave spring and the streams, as well as the cave walls. Some of these bacteria are shown to be acidophilic due to the production of sulfuric acid. All sites with microbial evidences and containing sulfidic springs reported in literature are limestone cave systems, whereas very few gypsum caves are known to have microbial evidences. Recently, Cacchio et al. (2012) investigated the involvement of bacteria in the formation of a new type of speleothems from Grave Grubbo Cave (Italy). This is the first report on sulfidic spring water and its environment in a gypsum karst system: Monte Conca Cave (Italy).
The intense explorations of the Monte Conca Cave in the last two decades and the discovery of its sulfidic spring, prompted us to evaluate their chemical-physical parameters in various hydrogeological and climate conditions (wet and dry seasons). The investigation also provided some evidence of the presence of microbial communities associated with the sulfidic conditions. The presence of snottites, typical structures of the sulfidic spring environment, has been investigated and documented for the first time in the Monte Conca Cave. Furthermore, chemical analysis has shown the presence of iron and sulfur deposits that could be involved in microbiological activity, as described in literature (Hose et al., 2000; Dopson & Johnson, 2012) .
The preliminary results of the faunistic monitoring have shown the presence of invertebrate species closely correlated with the microbial life of the sulfidic spring. The experimental results documented the presence of more than 50 species belonging to different phyla. Among these, some show typical troglobitic characteristics, while the presence of others depends on the cave water amount.
SITE DESCRIPTION
The Monte Conca Cave is the longest and deepest gypsum karst system in Sicily. It is located in Messinian evaporites in central-western Sicily and consist of an active sink cave (Inghiottitoio di Monte Conca), a resurgence (Risorgenza di Monte Conca) and a relict resurgence (Paleorisorgenza di Monte Conca), as decribed by Madonia and Vattano (2011) . The "Inghiottitoio di Monte Conca" is formed by an upper gallery, about 100 m long, developed along the N-S and NW-SE oriented fractures. Following this gallery there is a sequence of four waterfalls: 11, 12, 35, and 26 deep respectively. The lower gallery, about 450 m long, is developed from the base of the last shaft. Additional sub-horizontal galleries, about 1.5 km long, were discovered between 2003 (Madonia & Vattano 2011 . Figures 1 and 2 show the location of the sulfidic-spring on the plan and the profile views of the cave. The cave formation was explained by a morphoevolution model proposed by Vattano and Madonia (2011) . The sulfidic-spring (Fig. 3) is located in the inner part of the lower gallery and is characterized by different sediments such as clay, mud, gravel, and chemical deposits. The size of the spring varies according to the seasons. The smallest size recorded, in dry season, was about 2 m diameter and, at most, 50 cm deep. In dry season there is no flow of surface water into the cave and only small lakes are present under the shafts, therefore the sulfidic spring is not connected with these water bodies. During the wet season and after heavy rains, surface water reach the lower gallery and may flood the sulfidic spring. A little sulfidic stream with an estimated flow rate of about 1 l/sec is generated by the sulfidic spring and it persists during the dry season too. This stream, about 60 meters long, flows into the final sump of the lower gallery. It still maintains the main features of the sulfidic spring, such as filamentous mats, iron deposits, and suspended sulfur folia or gypsum mineralizations.
A typical smell of hydrogen sulfide is permanent in the inner part of the lower gallery.
Nearby and inside the sulfidicspring some black and orange mineralization deposits were discovered, and their sampling and subsequent chemical analysis have confirmed the presence of iron as the main element. The genesis of the mineralization deposits is under investigation at present. Peck (1986) described the presence of microbial species in iron and manganese oxides within the caves and proposed the possibility of the chemolithotrophic primary producers in these systems. The presence of microbial species in the Monte Conca Cave was also confirmed by "organic stalactites" commonly known as Snottites, present on the walls and the ceilings, as also described by Galdenzi & Maruoka (2003) in the Frasassi Cave and by Hose and Pisarowich (1999) in the Cueva de Villa Luz. These microbial deposits, can grow and cover the walls with a layer of organic mucous matter, secreting acid drops, rich in H 2 SO 4 , with pH values lower than one.
MATERIALS AND METHODS

Chemical-physical measurements
The measurements were carried out between May 2012 and November 2013, in both dry and wet seasons. Sampling and measurements were skipped during some wet periods due to the high water flow in the cave.
Air physical parameters
Cave's air temperature (T) and relative humidity (RH) measurements were performed using a HOBOware sensor (sensitivity, s, 0.01°C). Table 1 lists average temperature values above the sulfidic spring and along the cave, excluding the entrance gallery that is affected by external temperature. Figure 4 displays an example of sensor measurement performed in July 2012 during the run of cavers.
Water chemistry and chemical-physical parameters
Water temperature was monitored by mercury thermometer (s 0.5°C) and the values are reported in The pH measurements in situ were carried out with Carlo Erba pH indicator strips (s = 0.3 unit of pH) and with a Mettler-Toledo FiveEasy™ pHmeter (s = 0.01 unit of pH) in laboratory.
The sulfate concentrations, expressed as barium sulfate (BaSO 4 ), were determined in laboratory by turbidimetry (Molecular Devices SpectraMax ® spectrophotometer) using a linear regression method and confirmed by ionic chromatography (Metrohm). For turbidimetric analysis, amounts of barium chloride solution were added in situ to water samples, after acidification at pH < 2 to prevent BaCO 3 precipitation, in order to obtain the stable compound barium sulfate. Table 1 describes the average values of sulfate amounts for the sulfidic-spring and the cave.
The concentrations of sulfide, expressed as hydrogen sulfide (H 2 S), were measured in the laboratory using the spectrophotometric methylene blue method reviewed by Cline (1969) (LOD = 0.0084 ppm, LOQ = 0.028 ppm) with a Molecular Devices SpectraMax ® spectrophotometer. The water samples were collected from June 2012 to November 2013.
Two aliquots were collected for each sampling point. The first aliquot was left as is. Zinc acetate (Sigma) was added to the other one in order to precipitate zinc sulfide (ZnS), a sulfur stable compound that can be easily transported and analysed in the laboratory for quantitative determinations. Furthermore, in order to investigate the sulfide distribution versus the spring water depth, three different sub-aliquots were sampled at three different depths (at the surface, 15 cm, and 30 cm deep). H 2 S concentration for the stabilized water samples are reporetd in Table 1 . The water samples that were not stabilized showed negligible amount of H 2 S.
From May to July 2012, the sulfide sampling and measurements were performed in different points of the cave: entrance, small lakes at the base of the four shafts, in the middle of lower gallery and in the sulfidic-spring. As no sulfide was detected for the first four sampling points, for the following months we focused our efforts to sample and measure only in the lake at the base of last shaft, in the middle of lower gallery and in the sulfidic-spring.
In July 2013, water samples were collected throughout the cave and in the sulfidic spring in order to evaluate the water hardness and conductivity as well as the concentrations of the main ions, by ionic chromatography ( Table 2 ). The presence of nitrate and sulfur in microbial mats was also evaluated by mass spectrometry. Quadrupole mass spectrometer (WATERS) equipped with electrospray ionization (ESI) interface were used for data acquisition.
Microbiological evidences
As widely described in literature for different caves containing sulfidic-spring the presence of biofilms that hang from the walls and ceilings above spring and the filamentous white mats that float on the sulfidic water surface, are evidence of the presence of bacteria (Hose et al., 2000; Barton & Northup, 2005; Hose & Macalady, 2006; Engel, 2007; Jones et al., 2008; Jones et al., 2011; Dopson & Johnson, 2012) . Iron deposits, elemental sulfur suspension or folia, gypsum deposits, peculiar microclimate and chemical parameters were also reported as combination of typical features that indicate microbiological activity. (Hose et al., 2000; Hose & Macalady, 2006; Engel, 2007; Galdenzi et al., 2008; Dopson & Johnson, 2012) .
Iron deposits
Black deposits and reddish-orange percolates in the sulfidic-spring area have suggested the presence of iron compounds, respectively, as iron (II) sulfide and iron (III) oxides (Fig. 5 ). Ionic iron identification was carried out by specific thiocyanate spectrophotometric assay. 
Sulfur deposits
During the dry seasons, the water surface of the sulfidic spring accommodates a white-yellow deposit identified as elemental sulfur. The sulfur identification was carried out by specific test-tube with characteristic red vapor formation on the tube walls as a consequence of sulfur heating and later, formation of yellow sulfur deposits once the temperature drops. Moreover, in order to evaluate elemental sulfur in microbial mats, massspectrometry measurements were carried out. Elemental sulfur extraction from microbial mats was performed using the method reported by Hinch et al. (2007) , Preisler et al. (2007) , and properly revised. The extracted sulfur was identified as polysulfide intermediates by mass spectrometry as reported by Gun et al. (2004) .
Microbial mats
White filamentous mats are floating on the surface of the sulfidic-spring (Fig. 6 ). These mats are floating on the surface of the sulfidic stream and they also cover the surface sediments. In some parts, of the sulfidic-spring, filamentous mats are present to a water depth of about 10 cm.
Snottites
Many limestone caves containing sulfidic water, show peculiar organic "stalactites" called snottites. They are usually few centimetres long, consisting of viscous microbial biofilms that grow and cover the walls and ceilings, secreting acidic drops, rich in sulfuric acid (Galdenzi et al., 1999a; Galdenzi et al., 1999b; Hose et al., 2000; Galdenzi & Maruoka, 2003; Hose & Macalady, 2006; Barton & Northup, 2007; Macalady et al., 2007; Jones et al., 2011) . In the Monte Conca Cave, snottites were found on the walls and ceiling around the sulfidic-spring area 
Sulfide consumption: kinetic studies
The sulfide consumption in aqueous solutions can occur through two different pathways, abiotic (H 2 S + 2O 2 → H 2 SO 4 ) and biotic (microbially-assisted) with different kinetics. In order to evaluate the biotic or abiotic sulfide consumption, two experiments were carried out. In the experiment, the spring water samples, and for comparison, a standard sulfide solutions were monitored at a different time. Aliquots of 40 ml of standard sodium sulfide and spring water samples (both not stabilized) were stored in falcon tubes for 30 days, nearby the sulfidic spring, at the same temperature and darkness conditions. Additional aliquots of spring water and standard sodium sulfide were stabilized with zincum acetate after the sampling, as reference at time zero. The standard sodium sulfide solution concentration was 18.5 ppm, within the sulfide concentrations range for the sulfidic-spring water.
In the second experiment (September 2013) a detailed kinetic study was performed to evaluate the sulfide consumption at different times. In particular eight spring water aliquotes were sampled and zinc acetate was added, respectively, after 2, 4, 8, 16, 24, 32, and 44 hours.
RESULTS AND DISCUSSION
Monte Conca Cave is the first reported example of karst system developed in gypsum, that contains an active sulfidic spring accompanied by a rich microbiota. The characterization of the sulfidic-spring and its peculiar morphologies, as snottites and sulfur suspensions, indicate the presence of sulfur bacteria, which might represent the food source for a chemo-autotrophically based ecosystem. The fauna monitoring in the cave has shown the presence of more than 50 invertebrate species, belonging to different phyla. The most part of them are trogloxene species, which are present in function of the water flow in the cave. The observations seem to suggest that many trogloxene species are able to survive within the cave and in some cases to reproduce underground, due to the abundance of trophic resources. Some of the observed species show typical troglophile or troglobite characteristics, such as depigmentation and anophthalmia. The greatest abundance of taxa was found in the sulfidic spring area and it suggests a complex food web associated with it. Here, as stygobiont species, particularly abundant are Haplotaxida (Anellida), Hydrobiidae (Gasteropoda) and Proasellus sp. (Isopoda, Asellidae). These species are prey for Nepa cinerea (Hemiptera, Nepidae) and at least three species of Agabus (Coleoptera, Dytiscidae), trogloxene species that are able to survive in the sulfidic water. Among the rotting plant detritus material near the spring, we observed detritivore troglophile or troglobite species, such as Mastigonodesmus destefani (Diplopoda, Polydesmida), Haplophthalmus danicus (Isopoda, Trichoniscidae) and Folsomia candida (Collembola, Isotomidae). Currently we are working on a new paper focused on the fauna of Monte Conca Cave. Table 3 and Fig. 8 report some examples of the fauna identified in the cave.
Air and water temperature
The air temperature in the sulfidic spring area (zone is displayed by a red dash circle in Figs. 1 and 2 ) was at least 1°C higher than the average temperature of the cave, up to the highest value of 2.1°C recorded in January 2013 (Table 1 ). The mean value of air temperature in the cave was 15.6°C, with a seasonal trend in agreement to the outside air temperature measured by SIAS (Servizio Informativo Agrometereologico Siciliano). The correlation between cave and outside temperature was also described in literature for other caves (Sarbu et al., 2000; Galdenzi et al., 2008) . Indeed the mean value of air temperature measured in the sulfide spring zone was 16.9°C, with a minimum of 16.4°C in January 2013 and a maximum of 17.6°C in July 2012. and the measured pH value of their drops ranged from 0.5 to 1.0 (Fig. 7) . The presence of sulfuric acid in the distillate was confirmed by its precipitation as barium sulfate and by mass spectrometry measurements as reported by Campana & Risby (1980) The sulfidic spring with an air temperature variation of just 0.5°C could be considered as an ecosystem able to counteract the external air temperature variation, more efficiently than the entire cave system which has shown a temperature variation of 1.3°C. The relative humidity was about 90% throughout the cave.
Water temperature measurements showed that the spring water was always warmer than the cave water by about 2°C. It is in agreement with the temperature data reported for the main sulfidic caves, except for the Acquasanta Terme Cave (Jones et al., 2010) .
The cave water temperature decreased significantly in January 2013 as consequence of a large volume of cold water (outside air temperature 7.7°C) that entered from the surface stream, while the spring water maintained a higher temperature. In May 2013, probably due to the very large volume of warm water that entered the cave (425 mm of rain at 19°C), the smallest gap between the temperatures of the spring water and the water cave was observed. Cave water temperature increased up to the highest value of 15.3°C while the spring water still maintained its typical temperature of 16°C. Figure 9 describes the temperatures trend for cave and spring water and for outside air temperature as a function of the millimeters of rain during the monitoring period.
The spring area has always shown air and water temperature higher than the air and water cave temperature. Herbet et al. (2005) Frasassi Cave slightly warmer than the seepage water. These features may be related to the bacterial life cycle. Indeed, according to Lehninger et al. (1993) , living organisms can be considered as open thermodynamic systems that preserve their internal order by taking from their surroundings free energy as nutrients or sunlight and returning to the same surroundings an equal amount of energy as heat, compensating the order created within cells (DS system < 0) with the disorder created in their surrounds (DS surroundings > 0). In this way the total entropy still remain positive: DS total = DS system + DS surroundings > 0.
Meantime, many chemical reactions at the basis of biological processes occur with negative enthalpy that means releasing of heat in the surround and, consequentially, surrounding temperature increase. Negative value of enthalpy and positive value of entropy contribute to the decrease of the Gibbs free energy of the system, as described by the Gibbs free energy equation: DG = DH -TDS < 0.
pH measurements
During the wet season (January-May 2013), the pH values for cave and spring water were quite similar with an average value of about 7.5, probably due to the large volume of stream water that flowed into the cave, diluting the spring water (Table 1) .
The pH recorded in the dry season (June-September 2012 and June-September 2013) for the cave water was about 7.5, while for spring water was about 6.8 (Table 1) . As well as due to the H 2 S content, the pH decrease found for spring water might be related to microbial activity. It is well know that different Beggiatoa species are predominantly distributed in the suboxic and oxic zone, in which O 2 is used as the electron acceptor for the oxidation of H 2 S to S 0 in a first step and to SO 4 2-in a second one (Sayama et al., 2005; Kamp et al., 2006; Preisler et al., 2007) . One of the hydrolytic species at the pH value measured is HS -, so the biological aerobic oxidation could be summarized by the following reactions:
The second oxidation step is an acidogenic process that produces sulfuric acid, which contributes to the pH decrease and the increase of sulfate amount in spring water, according to our results.
H 2 S measurements
The peculiar feature to demonstrate the sulfidic nature of a spring water is the presence of H 2 S amount at concentration higher than 1 ppm. The spring water of Monte Conca is well known to the cavers for the bad smell of rotten eggs that suggests the presence of sulfidric acid. Our monitoring, for the first time, highlighted the high sulfide content in the spring water of the lower gallery. The data reported in Table  1 indicates, a negligible H 2 S amount, ranging from 0.03 ppm to 0.18 ppm in the cave water; while for the spring water a H 2 S amount one and two order of magnitude higher was found. Although the H 2 S level in spring water was always higher than cave water, its values were strictly dependent on the seasons. Changes in sulfide concentration, correlated with the relative dilution of groundwater and caused by the amount of seepage water during the wet seasons, was also described by Galdenzi et al. (2008) for Frasassi Cave.
Noteworthy was the gradient of sulfide concentrations monitored in the spring water at three different depth levels, water surface, depths of 15 and 30 cm. The results are shown in Fig. 10 . The data indicate a lower sulfide concentration for the first level and similar values for the other two levels, always higher than the first one. This difference is in agreement to the presence of clearly visible microbial mats at the surface and in the shallow water, that consume the sulfide for their metabolism. Table 1 reports only the mean values of H 2 S content for the three depth levels. The H 2 S concentration values were obtained by water samples stabilized with zinc acetate because the same samples unstabilized have shown a negligible H 2 S amount. All sulfide quantitative measurements were carried out in laboratory, 20 hours after sampling. The evident presence of filamentous microbial mats in sulfide spring water and the fast sulfide consumption suggests that the microbial mats could be composed of sulfur oxidant bacteria, such as Beggiatoa and Acidithiobacillus.
H 2 S consumption rate
In order to evaluate the biotic H 2 S consumption in spring water samples a kinetic comparison with a pure abiotic consumption in aqueous sodium sulfide solution was performed. The experimental results for not stabilized aliquots of spring water samples (stored for 30 days) have reported the complete disappearance of sulfide, whereas no significant change occurred for the sodium sulfide samples (Table 4) . These experiments were replicated at two different times. Our results are in agreement with the literature data which reports that abiotic oxidation rates are generally very slow (Millero et al., 1987) . Recently, Luther et al. (2013) report an abiotic sulfide consumption rate of about 1 µM per day despite a biotic rate of about one thousand time higher was recently reported.
Based on our experimental evidences and literature data we have performed detailed kinetic studies to evaluate the sulfide consumption at different time periods. In particular, in September 2013 have been sampled 8 spring water aliquotes. In the first one (Fig. 11) according to the high sulfide consumption rate typically for biotic oxidation.
Spring water
Aqueous sulfide solution (Na 2 S) Table 4 . Sulfur amount for stabilized and unstabilized samples at different storage times. Fig. 11 . Sulfur consumption for unstabilized spring water sample at different storage times. Inset the detailed kinetic after 8 hrs storage time.
Water chemistry: nitrate measurements by MS
As reported in Table 2 the cave and spring water showed different ion composition and chemical-physical parameters. The data have confirmed the abundance of sulfate in the spring water and the total sulfide consumption (for not stabilized samples). The different nitrate amount between the two waters, respectively 3 and <0.1 µM, might be a further evidence of thiobacterial activity. Low nitrate concentrations were found in sulfidic spring of Acquasanta Terme Cave and in Frasassi Cave , respectively <1 µM and <0.7 µM, suggesting that nitrate is scavenged by anaerobic microorganisms (Macalady et al., 2006; Jones et al., 2010) . Indeed, as widely reported in literature, different Beggiatoa species employ nitrate in their metabolism, especially, in the anoxic water zones (Mubmann et al., 2003; Kamp et al., 2006; Engel, 2007; Hinck et al., 2007; Preisler et al., 2007; Yekta, 2011) . These Beggiatoa species contain nitrate reductase which enables them to use nitrate as electron acceptor to sulfide oxidation (MacHatton at al., 1996) . They are able to internally accumulate nitrate in levels up to some order of magnitude higher than the nitrate concentration of their surrounding water (Kamp et al., 2006 ) using this intracellular stored nitrate for sulfide oxidation with spatially separated pathways. As proposed by Sayama et al. (2005) the Beggiatoa filaments stored nitrate in vacuoles and transport it downwards to anoxic zone, with their gliding mechanism. This stored nitrate is used for anaerobic sulfide oxidation to elemental sulfur, which will be stored in vacuoles for aerobic oxidation to sulfate in oxic zone. In Beggiatoa cultures the nitrate amount decrease from the initial amount, with a consequently nitrate enrichment on bacteria vacuoles (Kamp et al., 2006) .
Considering the different nitrate amounts found into the two water samples (Table 2 ) and supported by literature data, additional experiments were performed to evaluate the presence of nitrate in filamentous mats of Monte Conca Cave. For this purpose triplicate samples of the microbial mats were analyzed using the method described by Hinck et al. (2007) and Preisler et al. (2007) revised by us. The samples were transferred into 250 μl of deionized water and frozen at -20°C for 2 days, causing cell rupture. After thawing, the samples were centrifuged (5 minutes at 4000 x g) and the supernatants were analyzed in electrospray mass spectrometry (ESI-MS) in negative ion mode to search nitrate. The obtained results (Fig. 12) show the characteristic mass peaks for nitrate (62.01 m/z, base peak) and for nitrite (46.02 m/z). The found nitrate amounts were determined within the mats of the Monte Conca Cave and include the porewater nitrate as well as intracellular nitrate, released from the bacterial filaments (as described for Beggiatoa) during freezing and thawing. Therefore, in order to evaluate nitrate presence in spring water using mass spectrometry, an ESI spectrum of spring water sample, after filtering, was recorded at the same instrumental conditions. In this case the most abundant peaks refer to sulfate anion (Campana & Risby, 1980) and nitrate peak is present under 10% of base peak. 
Water chemistry: sulfur measurements by MS
Elemental sulfur content is closely related to bacterial activity because it is widely described that metabolism of various sulfur bacteria produce elemental sulfur as intermediate of the sulfide oxidation (Hose et al., 2000; Barton & Northup, 2005; Kamp et al., 2006; Engel, 2007; Hinck et al., 2007; Schwedt et al., 2012) . In order to evaluate the elemental sulfur in microbial mats (reaction 4), the remaining pellet (after centrifugation) was dried in air and dissolved in 500 μl of pure methanol for 3 days, therefore few μl of 0.1M NaOH solution were added up to pH 10. After 4 hours, the sample was centrifuged (5 minutes at 4000 x) and the supernatant was analyzed by ESI-MS in negative ion mode in order to evaluate polysulfide signals. At basic pH, the disproportionation of polysulfide is induced (equation 6), thus analytical species can be analyzed in ESI-MS (Gun et al., 2004) . Figure 13 reports the mass spectra that show the characteristic peaks for thiosulfate and polysulfides chains (inserted spectrum from 160 to 275 m/z). Significant changes in signal enhancement were recorded by varying the cone voltage from 30 to 80 V and the spray voltage from 2.5 to 4.5 kV, so, in order to enhance the linear polysulfide peaks respect to the polysulfide adducts, compromise values of 35 V and 3.5 kV were respectively chosen. Table 5 reports the main assigned peaks. Fig. 13 . Microbial mat mass spectra for sulfur, which show peaks for thiosulfate poly-sulfides chains peaks (see table 5 for the assignment of peaks). All these data have demonstrated that the microbial mats contain species that are able to perform anaerobic sulfide oxidation (reaction 4). The metabolism of these microbial species could use the sulfide as main electron donor to produce intermediate species of sulfur (Engel, 2007; Hinck et al., 2007; Berg et al., 2013) and, as Engel (2007) describes, the elemental sulfur would be produced intra or extracellular. Therefore, elemental sulfur could be found as solid suspensions giving a milky color to the water surface (Nelson et al., 1986) . Mass spectra of solid suspension treated as before described, have confirmed the presence of sulphur species in the microbial mat by polysulfide adducts.
Iron measurements by UV-Vis
The presence of iron ions in the sulfidic-spring area might be associated with the microbial activity. Indeed, it is well known that some bacteria species such as Thiobacillus ferrooxidans or Acidimicrobium ferrooxidans (Hose et al., 2000; He et al., 2005; Hose & Macalady, 2006; Baskar et al., 2008; Jones et al., 2011; Dopson & Johnson, 2012) , Beggiatoa (Nelson et al., 1986; Hose & Macalady, 2006; Preisler et al., 2007; Druschel et al, 2008) or other sulfur bacteria, can oxidize hydrogen sulfide to sulfuric acid, using Fe(III) as electron acceptor for the sulfide anaerobic oxidation. Oxidized iron is reduced by HS -as described in reaction 7.
2FeOOH + HS -+ 5H + → 2Fe
Meantime, the soluble reduced iron reacts with HS -to form insoluble iron sulfide.
Black deposits of iron sulfide were largely found in water spring of Monte Conca. The thiocyanate assay, performed on these deposits, has disclosed the presence of iron. A portion of black deposit was dissolved in chloridic acid and oxidized to Fe 3+ as reported in reactions 9-10. In presence of NaSCN, the Fe 3+ forms a characteristic bloody red compound of FeSCN 2+ (reaction 11) with the typical absorbance at 460 nm (Fig. 14) . In Fig. 14 
Snottites
The presence of abundant snottites (Fig. 6) , described for the first time in a gypsum cave, indicates the existence of a large aerial microbial life related to the sulfide-rich water microbial life (Fig. 7) . As described in literature (Hose & Macalady, 2006; Jones et al., 2011; Dopson & Johnson, 2012) snottites have very low biodiversity and are dominated by Acidithiobacillus thiooxidans. Actinobacteria related to Acidimicrobium ferrooxidans have also been detected in Frasassi snottites. This suggests the importance of the iron ions in the bacterial activity development. In order to investigate the presence of iron in the snottites of Monte Conca Cave, a sample was analyzed with thiocianate assay, giving a positive result (Fig. 14) . Furthermore sulfate and pH measurements on secreting acid drop were performed. The pH measured in situ by pH indicator strips (Fig. 7 right) and in laboratory by pH-meter, has shown a pH value ranging from 0.5 to 1.0 unit. The sulfuric acid dropped by snottites was analysed by mass spectrometry (Fig.  15) and the results reported on Table 5 indicate the presence of pure sulfuric acid.
As noted by Hose et al. (2000) , Acidithiobacillus thiooxidans in the most abundantly species in snottites. Under low oxygen content is capable of producing a local pH of about 2, whereas in the presence of air, the pH may drop below 1. Therefore, the pH values measured for the snottites sampled in Monte Conca, suggests totally aerobic condition for the sulfide oxidation. In addition, the same authors report a strongly exothermic process for the complete oxidation of hydrogen sulfide to sulfuric acid, mediated by sulphur-oxidizing bacteria. A negative enthalpy means heat release and simultaneous temperature increase of the surroundings. In our case, the strongly exothermic process involved in snottites genesis could contribute to the increase of the air temperature in the spring area. Moreover, the presence of sulfate in snottites was further confirmed by its precipitation as barium sulfate after addition of a barium chloride solution.
CONCLUSIONS
The aims of this work have been the monitoring of the main chemicalphysical parameters of the Monte Conca Cave and the identification and the characterization of its sulfidicspring, located in the terminal gallery. The evaluation of the main chemical features that are peculiar of sulfidicspring cave, indicates a clear evidence of bacterial activity.
The monitoring activity, conducted over 18 months, has shown the difference of chemical-physical parameters between the sulfidic spring and the rest of the cave, highlighting a microenvironment that is less influenced by external conditions.
The main features of a sulfidic spring, widely described in literature, were discovered in Monte Conca Cave. The evaluation of these features and the considering of additional evidences such as biotic sulfide consumption, presence of nitrate on filamentous mats, and the different pH values between cave and spring water allowed to characterize, for the first time, a complex sulfidic system in a gypsum karst system. Thus, Monte Conca Cave represents the only gypsum karst system described so far that includes an active sulfidic spring with an undoubtedly microbial activity. The presence of sulfur bacteria may be the source of an autotrophic system in close correlation with the biological cycle of many species of living organisms. Noteworthy is that in this study no biological measurements were carried out to ascertain the nature of the microbiota clearly present in the sulfidic spring, but only chemical and chemicalphysical measurements were carried out. The greater abundance of taxa found close to the sulfidic spring seems to suggest a complex food web associated with it and biological studies are needed for a complete site descriptions. At present, a detailed investigation of the fauna living in sulfidic-spring area is in progress and in addition, future investigation will focus on molecular biological methods to identify the microbial species.
